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Description

Technical Field

5 The present invention relates generally to circuit breakers, and, more particularly, to processor controlled

trip arrangements for circuit breakers.

Background Art

10 Trip systems are designed to respond to powerfaults detected in circuit breakers. Most simple trip systenns

employ an electromagnet to trip the circuit In response to short circuit or overload feults. The electromagnet
provides a magnetic field in response to the current flowing through the breaker. When the current level in-

creases beyond a predetermined threshold, the magnetic field "trips" a mechanism which causes a set of circuit

breaker contacts to release, thereby "breaking" the circuit path.

IS Many simple trip systems also employ a slower responding bi-metallic strip, which is useful for detecting

a more subtle overload fault. This is because the extent ofthe strip's deflection represents an accurate thermal
history of the circuit breaker and, therefore, even slight current overloads. Generally, the heat generated by
the current overload will cause the bi-metalllc strip to deflect Into the tripping mechanism to break the circuit

path.

20 The tripping systems described above are generally adequate for many simple circuit breaker applications,

but there has been an increasing demand for a more intelligent and precise tripping system. Forexample, many
businesses today use expensive 3-phase power equipment which provides critical functions to the business
and its customers. WO-A-8805973 and EP-A-01 93447 disclose tripping systems for intenrupting three phase
current paths. Due to the cost of the equipment and the functions that the equipment provides, the power sup-

25 plied to the equipment must be precisely measured and controlled. For this reason, processor-based tripping

systems have been developed to attempt to provide programmable control to the equipment operator (user).

A major problem in the design of processor-based tripping systems has been to accurately and reliably

measure the power provided to the equipment On the other hand, small size and low cost are also desirable

characteristics for the tripping systems. But the power measurement circuitry necessarily limits the size of the
30 tripping system, and is also relatively expensive due to the component tolerances and circuit complexity re-

quired for precise current measurement
Accordingly, in addition to requiring user-flexibility to power distribution systems, processor-based tripping

systems must also accurately and reliably measure the current provided to the loads. Failing to perform in this

manner often results in inadvertent (nuisance) trips or missed trips which may damage the equipment powered
35 through the circuit breaker and the circuit breaker itself.

Disdosure of the Invention

According to the invention there is provided a tripping system for interrupting a three phase current path
40 having a ground path coincident therewith, comprising: interruption means for Interrupting the three phase cur-

rent path; a set of current sensors, each situated adjacent the current path for sensing a respective phase of

current therein and each providing a respective cunrent signal therefrom; summation means, coupled to the
set of current sensors, for adding the current signals from the set ofcurrent sensore and for producing an output
current signal therefrom in the presence of a ground fault; a set ofgain circuits, each responsive to a respective

45 one of the current signals and each having: a firet gain section for amplifying the respective current signal by
a firet predetermined gain factor, and a second gain section for amplifying the respective current signal by a
second predetermined gain factor; and a processor, responsive to the output current signal and the set of gain

circuits, for analyzing the three phase current path by selectively receiving the respective current signal from
either the first gain section or the second gain section at each gain circuit according to a predetermined reso-

50 lutlon criteria, and for engaging the interruption means to interrupt the current path; and date memory means
coupled to said processorfor storing data representative of tripping characteristics, wherein the processorcom-
pares the respective current signal to the data and engages the interruption means if the respective current

signal exceeds a threshold data level.

ss Brief Description of the Drawings

Other objects and advantages of the invention will become apparent upon reading the following detailed

description and upon reference to the accompanying drawings, in which:
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Fig. 1 is block diagram of a microprocessor based circuit breaker tripping system, according to the present

invention;

Fig. 2 is a perspective view of the circuit breaker tripping system as set forth in the block diagram of Fig.

1;

5 Fig. 3a is a diagram illustrating a local display 150 of Fig. 1;

Flg.3b is a flow chart illustrating a manner in which a display processor 316 of Fig. 3a nfiay be progranuned
to control an LCD display 322 of Fig. 3a;

FIG. 4 Is a schematic diagram illustrating an analog input circuit 108» a ground fault sensor circuit 110, a
gain circuit 134 and a power supply 122 of FIG. 1;

10 FIG. 5 Is a timing diagram illustrating the preferred manner In which signals received from the gain circuit

134 are sampled by the microcomputer 120 of FIG. 1;

FIG. 6a Is a side view of a rating plug 531 of FIG. 4;

FIG. 6b Is a top view of the rating plug 531 of FIG. 4;

FIG. 7 Is a schematic diagram illustrating a thermal memory 138 of FIG. 1;

IS FIG. 8 Is a schennatic diagram Illustrating the reset circuit 124 of FIG. 1; and
FIG. 9 is an Illustration of a user select circuit 132 of FIG. 1

.

Best Modes For Carrying Out The Invention

20 System Overview:

The present invention has direct application for monitoring and interrupting a current path in an electrical

distribution system according to specifications that may be programmed by the user. While any type of current

path would benefit from the present inventton, It is particularly useful for monitoring and Interrupting a three
25 phase current path.

Turning now to the drawings, FIG, 1 shows a block diagram of an integral microprocessor controlled trip-

ping system 1 00 foruse with a three-phase current path on lines 106 having source inputs 1 02 and load outputs

104. The tripping system 100 uses an analog input circuit 108 and a ground fault sensor 110 to detect three-

phase cunrent on the current path 106. When the tripping system detects an overload, short circuit or ground
30 fault condition, or otherwise determines that the current path should be interrupted, it engages a solenoid 112

which trips a set of contactors 114 to break the current path carrying phases A, B and C. Consequently, any
ground-feult circuit through the earth ground path or through an optional neutral line (N) Is also broken.

The tripping system 100 of FIG. 1 utilizes a number of circuits to determine when the current path should
be Interrupted. This determination is centralized at a microcomputer 120. preferably an MC68HC11 A1. which

35 is described In MC68HC11 HCMOS Single Chip Microcomputer Programmer's Reference Manual . 1985 and
MC68HC11A8 Advance Infonmation HCMOS Single Chip Microcomputer. 1985, all being available from Mo-
torola, Inc., Schaumburg, Illinois. Peripheral circuits that support the microcomputer 120 include a reset circuit

124 that verifies the sanity of the tripping system 100, a voltage reference circuit 126 that provides a stable

and reliable reference for analog to digital (A/D) circuitry located within the microcomputer 120. ROM 128 that

40 stores the operating instructions for the microcomputer 120. and a conventional address and data decoding
circuit 130 for interfacing the microcomputer 120 with various circuits including the ROM 128 and a user select

circuit 132. The address and data decoding circuit 130, for example, includes an address decoder part No.
74HC138. and an eight-bit latch, part No. 74HC373, to latch the lower eight address bits which are alternately

multiplexed with eight data bits in conventional fashion. The ROM, for example, is part No. 27C64. The user
45 select circuit 1 32 allows the user to designate tripping characteristics for the tripping system 100, such as over-

load and phase imbalance feult conditions.

The tripping system 100 Is operatlvely coupled with a conventional electrical distribution system (not

shown) through Input and output restraint circuits 105 and 107. Signals received from the input restraint circuit

1 05 indicate that a downstream circuit breaker is In an overload (or over current) condition. The output restraint

so circuit 107 is used to send signals to upstream circuit breakers to indicate the status of Its own and ail down-
stream circuit breaker conditions, in general, the tripping system 100 will delay tripping of the contactors 114
when a downstream breaker is in an overload (or over current) condition, assuming that the downstream circuit

breaker opens and clears the condition. Otherwise, the tripping system 100 should not delay tripping of the

contactors 114. For further detail regarding restralnt-in/restraint-out electrical distribution systems, reference

55 may be made to U.S. Pat. No. 4,706,155 to Durivage et al.

Other circuits are used along with the above circuits to provide reliability and integrity to the tripping system
100. For instance, the microcomputer 120 utilizes the analog Input circuit 108 along with a gain circuit 134 to

measure precisely the RMS (Root Mean Squared) current on each phase of the lines 106. The accuracy of
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this measurement is maintained even In the presence of non-linear loads.

The analog input circuit 108 develops phase signals A'. B' and C that are representative of the current on
lines 106. The gain circuit 134 amplifies each phase signal A'. B' and C through respecth^e dual gain sections,

from which the microcomputer 120 measures each amplified signal using Its A/D circuitry. By providing two
5 gain stages for each signal A', B' and C, the microcomputer 120 can Inrvnediately perform a high gain or low

gain measurement for each current phase depending on the resolution needed at any given time.

The analog input circuit 108 is also utilized to provide a reliable power source to the tripping system 100.

Using cun-ent developed from the lines 106. the analog Input circuit 108 operates with a power supply 122 to

provide three power signals (VT, +9v and +5v) to the tripping system 100. The power signal VT is monitored
10 by the microcomputer 120 through decoding circuit 1 30 to enhance system dependability. System dependabil-

ity is further enhanced through the use of a thermal memory 1 38 which the microcomputer 120 interacts with
to simulate a bl-metal deflection mechanism. The thermal memory 1 38 provides an accurate secondary esti-

mate of the heat in the tripping system 100 In the event power to the microcomputer 120 is interrupted.

The ground fault sensor 110 is used to detect the presence of ground faults on one or more of the lines

15 1 06, and to report the faults to the microcomputer 120. Using user selected trip characteristics, the microcom-
puter 120 determines whether or not the ground fault is present for a sufficient time period at a sufficient level

to trip the contactors 114. The microcomputer 120 accumulates the ground fault delay time in Its internal RAM.
ARAM retention circuit 140 Is used to preserve the ground fault history fora certain period oftime during power
interruptions.

20 The RAM retention circuit 140 exploits the built-in capability of the microcomputer 120 to hold the contents
of its Internal RAM provided that an external supply voltage is applied to its MOPDB/Vstby input 141 . This ex-
ternal supply voltage is stored on a 150 microfarad electrolytic capacitor 143 that is charged from the +9 volt

supply through a 6.2 K ohm resistor 145. The capacitor 143 is charged from the +9 volt supply, and clamped
by diodes to the +5 volt supply, so that the capacitor will be rapidly charged during power-up.

25 The ground fault delay time stored In internal RAM becomes insignificant after a power intenruption that
lasts longer than about 3.6 seconds. To test whether such an Intenruption has occurred, the RAM retention

circuit 140 includes an analog timer 149 having a resistor 161 and a capacitor 153 establishing a certain time
constant, and a Schmitt trigger inverter 155 sensing whether the supply of power to the microcomputer 120
has been interrupted for a time sufficient for the capacitor 153 to discharge. Shortly after the microcomputer

30 reads the Schmitt trigger 1 55 during power-up, the capacitor 153 becomes recharged through a diode 1 57 and
a pull-up resistor 159. Preferred component values, for example, are 365 K ohms for resistor 161, 10 micro-
farads for capadtor 153, part No. 74HC14 for Schmitt trigger 165, 1N4148 for diode 157, and 47 K ohms for

resistor 159.

Another important aspect of the tripping system 1 00 is its ability to transfer information between Itself and
35 the user. This information includes the real-time current and phase measurements on the lines 106, the system

configuration of the tripping system 100 and information relating to the history of trip causes (reasons why the
microcomputer 1 20 tripped the contactors 1 14). As discussed above, the real-time line measurements are pre-
cisely determined using the analog input circuitry 108 and the gain circuit 134. The system configuration of
the tripping system 100 and other related information is readily available from ROM 128 and the user select

40 circuit 132. The Information relating to the history of trip causes is available from a nonvolatile trip memory
144. Information of this type is displayed for the user either locally at a local display 150 or remotely at a con-
ventional display terminal 162 via remote Interface 160. To communicate with the display terminal 162, the trip-

ping system utilizes an asynchronous communication interface, Internal to the microcomputer 120. Using the
MC68IHC11, the serial communications interface (SCI) may be utilized.

45 FIG. 2 Is a perspective view of the tripping system 100 as utilized in a circuit brealcer housing or frame
210. The lines 106 carrying phase currents A, B and C are shown passing through line embedded current trans-
formers 510, 512 and 514 (in dashed lines) which are part of the analog input circuit 108. Once the solenoid

112 (also in dashed lines) breaks the cunrent path in lines 106, the user reconnects the current path using a
circuit breaker handle 220.

50 Except for the circuit breaker handle 220. the interface between the tripping system 100 and the user is

included at a switch panel 222, an LCD display panel 300 and a communicatton port 224. The switch panel
222 provides access holes 230 to permit the user to adjust binary coded decimal (BCD) dials (FIG. 8) in the

user select circuit 132. The communication port 224 may be used to transfer information to the display terminal

162 via an optic link (not shown).

55 In the following sections, the tripping system 100 is further described in detail.
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A. Local Display

FIG. 3a Is a schematic diagram of the local display 150 of FIG. 1. The local display 150 Is physically sepa-
rated from the remaining portion ofthe tripping system 1 00, but coupled thereto using a conventional connector

5 assembly 310. The connector assembly 310 carries a plurality of connmunication lines 312 from the mlcrooonn-

puter 120 to the local display 150. These lines 312 include tripping system ground, the -t>5V signal from the

power supply 122, serial communication lines 314 for a display processor 316. and data lines 318 for a latch

320. The data lines 318 include four trip indication lines (overload, short circuit, ground fault and phase unbal-

ance) which are clocked into the latch 320 by yet another one of the lines 318.

10 An LCD display 322 displays status information provided by the latch 320 and the display processor 316.

Different segments of the LCD display 322 may be Implemented using a variety of devices including a conv
bination static drive/multiplex custom or semi-custom LCD available from Mamlin, Inc., Lake Mills, Wisconsin.

For additional Information on custom or semi-custom displays, reference may be made to a brochure available

from Hamlin, Inc. and entitled

IS

Liquid Crystal Display.

The latch 320 controls the segments 370-373 to respectively indicate the trip conditions listed above. Each
ofthese segments 370-373 is controlled by the latch 320 using an LCD driver circuit 326 and an oscillator circuit

20 328. The corresponding segment 370-373 illuminates when the associated output signal from the latch 320 is

at a logic high level.

The display processor 316 controls four seven-segment digits 317 as an ammeter to display the current

in the lines 106. The display processor 316. for example, is an NEC part No. UPD7502 LCD Controller/Driver

which includes a four-bit CMOS microprocessor and a 2k ROM. This NEC part is described in NEC
25 UPD7501/02/03 CMOS 4-Bit Single Chip Microprocessor User's Manual, available from NEC, Mountain View,

Ca. Other segments 375 of the LCD display 322 may be controlled by the display processor 316 or by other
means to display various types of status messages.

For example, a push button switch 311 may be utilized to test a battery 338. To perform this test, the battery

338 is connected through a diode 31 3 to one of the segments 375 so that when the switch 31 1 is pressed, the
30 condition ofthe battery is indicated. The push-button switch 31 1 preferably resets the latch 320 when the switch

is depressed. For this purpose the switch 311 activates a transistor 315. The latch, for example, is a 40174
integrated circuit

Additionally, the switch 311 may be used to select the phase current to be displayed on the LCD display

322 and to control segments 375 such that they identify the phase current (A, B, C or N) on lines 106 being
35 displayed on the four seven-segment digits 31 7. For this purpose the switch 311 activates a transistor 327 to

invert a signal provided from the battery and to interru pt the display processor 316. Each time the display proc-

essor 316 is interrupted, the phase current that is displayed changes, for example, from phase A to B to C to

ground fault to A, etc.

An optional bar segnDent 324 is included in the LCD display 322 to indicate a percentage of the maximum
40 allowable continuous current in the current path. The bar segment 324 is controlled by the +5V signal via a

separate LCD driver 330. The LCD driver 330 operates in conjunction with the oscillator circuit 328 in the same
manner as the LCD driver 326. However, the LCD driver 330 and the oscillator circuit 328 will function at a
relatively low operating voltage, approximatelytwo to three volts. An MCI4070 integrated circuit, available from
Motorola, Inc., may used to implement the LCD drivers 330 and 326. Thus, when the tripping system fails to

45 provide the display processor 316 with sufficient operating power (or current), the LCD driver 330 is still able

to drive the bar segment 324. The LCD driver 330 drives the bar segment 324 whenever the tripping system
detects that less than about 20% of the rated trip current is being carried on lines 106 to the load.

As an alternative embodiment, the bar segment 324 may be disabled by disconnecting the LCD driver 330.

Additional bar segments 332-335 are driven by the display processor 316 to respectively indicate when
50 at least 20-40%, 40-60%, 60-80% and 80-100% of the rated trip current is being carried on lines 106 to the

load.

The oscillator 328 also uses part No. MC14070 in a standard CMOS oscillator circuit including resistors

329, 336 and a capacitor 331 that have values, for example, of 1 megohm. 1 megohm, and 0.001 microfarads,

respectively. Even when a power fault causes the system to trip and interrupt the current on lines 106. the

55 local display is still able to operate on a limited basis. This sustained operation is performed using the l>attery

338 as a secondary power source. The battery, for example, is a 3 to 3.6 volt lithium battery having a projected

seventeen year life. The battery 338 supplies power to portions of the local display 150 only when two condi-

tions are present (1) the latch 320 has receh^ed a trip signal from the microcomputer 120 (or the test switch

5



EP 0440 764 B1

311 is activated), and (2) the output voltage level of the -i-SV power supply is less than the voltage level fronn

the battery 338. When the latch 320 latches in any one of the four trip indication lines from the data lines 318,
a control signal Is generated on a latch output line 340. The control signal turns on an electronic switch 342
which allows the battery 338 to provide power at Vcc so long as a diode 344 is forward biased.

5 The diode 344 Is forward biased whenever the second condition Is also present. Thus, when the output
voltage level of the -i-SV power supply is less than the voltage level from the battery 338, the diode 344 is for-

ward biased and the battery 338 provides power to the local display 150. In addition, the diode 344 is forward
biased until a switch 346, activated by a power-up circuit 348, allows the +5V signal to provide power at Vcc.
The power-up circuit 348 activates the electronic switch 346 only after resetting the display processor 316.

10 The power-up circuit 348, for example, is part No. ICL7665 working In connection with resistors 349, 351 . and
353 having values of 620 K ohms, 300 K ohms and 1 0 megohms, respectively.

Power is provided from Vcc only to the latch 320, the LCD driver 326, the LCD driver 330, and the oscillator

circuit 328. The LCD driver 330 and the oscillator circuit 328 receive power from either the battery 338 or the
+5V power supply output via diodes 350 and 352. This arrangement minimizes current drain from the battery

15 338 while allowing the user to view the status of the tripping system 1 00 during any power fault situation.

Power cannot be drawn from the battery 338 unless the battery 338 is interconnected with the remaining
portion of the tripping system via connector 310, because the connector 310 provides the ground connection
for the negative terminal of the battery 338. This aspect of the local display 150 further prolongs battery life

and therefore minimizes system maintenance.

20 In FIG. 3b, a flow chart illustrates the preferred programming of the display processor 316. The flow chart
begins at block 376 where the memory internal to the display processor is initialized. The memory initialization

includes clearing internal RAM, input\output ports and interrupt and stack registers.

At block 378, a software timer is reset and the display processor waits for a data ready flag which indicates

that data has been receh^ed from the microcomputer 120 of FIG. 1 . The software timer provides a conventional
25 software watchdog function to maintain the sanity of the display processor. If the software timer Is not reset

periodically (within a certain time Interval), the display processor resets itself.

The data ready flag Is set In an interrupt routine, Illustrated by blocks 390 through 398 of FIG. 3b. The
display processor is programmed to execute the interrupt routine when it receives data from the microcomputer
1 20 of FIG. 1 . At block 390 ofthe interrupt routine, a test is performed to determine ifthe data bytejustreceived

30 is the last data byte of the packet sent from the microcomputer. If the data byte Just received is not the last

data byte, flow proceeds to block 398 where a return-fronvinterrupt instruction is executed. If the data byte
Just received is the last data byte, flow proceeds to block 392.

At block 392, a test is performed to determine the integrity ofthe received data packet This is accomplished
by comparing the 8-bit sum of the prevfously received 7 bytes with the most recently received byte (last byte).

35 If the 8-bit sum and the last byte are different, flow proceeds to block 398. If the 8-bit sum and the last byte
are the same, the display processor sets the previously referred to data ready flag, depicted at block 396. and
returns from the interrupt, via block 398, to block 380.

At block 380, the received data Is stored in memory and the data ready flag is reset
At blocks 382 and 384, the display processor utilizes a conventional convereton technique to convert the

40 stored data to BCD format for display at the LCD display 322 of FIG. 3a. The data that is sent and displayed
at the LCD display 322 is chosen by the operator using the switch 311 to sequence through each of the three
phase currents and the ground fault current, as indicated In the data that Is received from the microcomputer
120 of FIG. 1.

At block 386, the display processor utilizes received data. Including the sensor identification, the rating

45 plug type and the long-time pickup level, to detemnine the percentage of rated trip current being carried on
lines 106 of FIG. 1. At block 388. the l>ar segments (324 and 332-335 of FIG. 3a) are driven by the display

processor in response to this determination. From block 388, flow returns to block 378.
Blocks 400-406 of FIG. 3b represent a second interrupt routine which the display processor may be pro-

grammed to execute in response to the depression of the switch 311 . At block 400 of this second interrupt rou-
50 tine, the display processor determines which phase (or ground fault) current the operator has selected by de-

pressing the switch 311 . At blocks 402 and 404, the display processor monitora Its I/O port to determine when
the switch 311 is released and to debounce the signal received from the switch 311. At block 406. the display

processor executes a return from interrupt command.
It should be noted that the display processor 316 is optional for the local display 150 and therefore not

55 required for its operatbn. Further, the local display 150 is itself an option to the tripping system and is not re-

quired for operating the tripping system.
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B. Current and Ground Fault Detection

FIG. 4 illustrates an expanded view of the analog input circuit 108, the ground fault sensor 110, the power
supply 1 22 and the gain circuit 1 34 of FIG. 1 . Each ofthese circuits receives powerfrom the three-phase current

5 lines 106. Using this power, these circuits provide signals from which the tripping system 100: (1) determines
the phase and current levels on lines 106, (2) detects the presence of any ground fault, (3) provides system
power and (4) establishes its current rating.

(1) Determining Phase and Current Levels
10

In FIG. 4, the analog input and ground fault sensing circuits 108 and 110 include current transformers 510,
512 and 514 that are suitably located adjacent the lines 106 for receiving eneigy from each respective phase
current path A, B. and 0. Each current transfomier 510,512 and 514 is constructed to produce a current output
that is proportional to the primary current in a fixed ratio. This ratio is set so that when the primary current is

IS 1 00% of the rated current transformer size (or sensor size), the current transformer Is producing a fixed output
current level. For example, for a 200 Amp circuit breaker, each current transformer 510. 512 and 514 will pro-

duce the same current output signal when operating at 100% (200 Amps) as a cunrent transfonmer in a 4000
Amp circuit breaker which it Is operating at 100% (4000 Amps). The preferred construction yields a current
transfonneroutput cunrent of282.8 milllamperes (RMS) when the primary cunrent is 100% of the rated current.

20 The output currents provided by the transformers 51 0. 51 2 and 514 are routed through a ground fault sens-
ing toroid 508, full wave rectifier bridges 516, 518 and 520 and the power supply 122 to tripping system ground.
The output cunrents are returned from tripping system ground through a burden resistor arrangement 530. The
ground fault sensing toroid 508 sums the output currents from the transformers 510, 512 and 514, In a system
utilizing a neutral (N) line 1 06. the ground fault sensing toroid also sums the output current from a transformer

25 506, which is coupled to the neutral line (N) to sense any return current A signal representing this currentsum-
mation is produced at an output winding 509 and is carried to a fourth rectifier bridge 522. The rectifier bridge
522 is used to detect ground fault conditions and is discussed in the second part of this section.

On the right (positive) side of the rectifier bridges 516-522, positive phase current signals are produced
and added together at lead 524. The current at lead 524 is used for the power supply 122 which is discussed

30 in the third part of this section.

On the left (negative) side of the rectifier bridges 516-520, negative phase current signals are carried

through the burden resistor arrangement 530 and tripping system ground, and are returned to the rectifier

bridges 516-520 through the power supply 122. This current path establishes voltage signals A'. B' and C,
each referred to as a burden voltage, for measurement by the microcomputer 120 via the gain circuit 134.

35 In FIG. 4, the signals A'. B' and C are presented to the respective dual gain sections for inversion and
amplification. The gain circuit 1 34 of FIG. 4 is shown with one of its three identical dual gain sections, generally
designated as 533. in expanded form. The dual gain section 533 receives phase signal A'. Each dual gain sec-
tion includes a pair of low pass filters 532 and a pair of amplifiers 534 and 536. The low pass filters 532 provide
noise suppression, and the amplifiers 534 and 536 reduce the signal magnitude by 0.5 and increase the signal

40 magnitude by a factor of 3, respecth^ely, for the desired resolution. This arrangement allows the microcomputer
120 to instantaneously measure these current levels without wasting time changing any gain circuitry. Prefer-

red component values are. for example. 10 K ohms for resistors 541, 543, 545, 553 and 555; 4.75 K ohms for

resistors 547 and 559; 60 K ohms for resistor 557; and 0.03 microfarads for capacitors 549 and 561. The anv
plifiers 551 and 663 are, for example, part No. LM124.

45 Using the gain circuit 134, the microcomputer 120 measures the true RMS current levels on lines 106 by
sampling the burden voltages developed at signals A', B' and C. The RMS calculations are based on the for-

mula:

so

N
,2

2: K^)^

N
55

where:

N = the number of samples;

t = time at discrete intervals (determined by sample rate); and

7
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/

l(t) = the instantaneous value of the current flowing through the breaker.

The current flowing through the circuit breaker is sampled at fbced time intervals, thereby developing l(t).

The value of this instantaneous current sample is squared and summed with other squared samples for a fbced

number of samples N. The mean of this summation is found by dh/iding it by N. The final RMS current value
5 is then found by taking the square root of the mean.

In FIG. 5, an example of a rectified sinusoidal current waveform is illustrated for 1 .5 cycles of a 60 hertz
signal with a peak amplitude of 100 amps. The sampled current is fuii wave rectified. The vertical lines rep-
resent the discrete points in time that a value of current is sampled. With a sample rate of 0.5 milliseconds,

over 25 milliseconds of time, 50 samples will be taken.

10 In TABLE 1, the data for the samples from FIG. 4 are illustrated in the column labeled l(t) (Amps). The
column labeled l(t) SQUARED (Amps) gives the squared values, and the column labeled SUMMATION (Amps)
shows the accumulation of the squared current values over time. The mean of the summatton, depicted at the
bottom of TABLE 1. Is equal to the final accumulation divided by the number of samples, or 50. The square
root of this value yields 70.7106854, which is less than 0.00001% in enror.

IS The other columns in TABLE 1 detail the binary equivalent data that the microcomputer would process
using the ratio that 100 amps equals 255 binary.

The value Irms will accurately reflect the heating effect of the cunrent waveform that existed from t = 0 to
t = N. This cunrent waveform is typically an A.C. waveform with a fundamental frequency of 50 to 60 Hertz,
but may contain many upper hanmonics (I.e., multiples of the fundamental frequency).

20 In practical implementations, several factors affect the accuracy ofthe Irms calculation, including the sam-
ple rate and the number of samples. In the preferred embodiment, the sample rate is 2,000 Hertz and at least
128 samples are taken before the current magnitude is estimated.

(2) Detecting The Presence Of A Ground Fault
25

The ground fault sensing toroid 508 magnetically adds the current signals from the input windings 540,
542, 544 and 546 to Indicate whether or not a ground fault Is present on lines 1 06. The toroid 508 is constructed
with four identical input windings 540, 542, 544 and 546; one for each of the cunrent transformers 510, 512
and 514 and one for the neutral current path transformer 506, which is optional. The toroid 508 has a single

30 output winding 509 which provides a summed cun-ent signal.

The ground fault sensing toroid 508 includes another winding 550 to allow a test signal to be applied at
terminals 552. Using momentary switch 554, the test signal creates a pseudo ground fault for the tripping sys-
tem. The tripping system reacts to this pseudo ground feult In the same manner as a true ground fault. The
testwinding 550 Is protected by a positive coefficient resistor 556 that increases its resistance as it heats, there-

35 by limiting the current through it and the winding 550. The positive coefficient resistor Is, for example, a Key-
stone PTC Resettable Fuse, part No. RL3510-110-120-PTF. The test winding 550 eliminates the need for a
separate test transformer which has been utilized by systems in the prior art

The operation of the ground fault sensing toroid 508 is best understood by considering the operation of
the tripping system with a ground fault and without a ground fault In a balanced three phase system without

40 a ground fault, the cunrent magnitude in each phase is equal but 120 degrees out of phase with the other phas-
es, and no neutral current exists: thus, the output winding 509 produces no current As the current through
any phase (A, B or C) increases, the current in the neutral path is vectorially equal in magnitude but opposite
in direction to the increase in phase cunrent and the magnetic summation is still zero. When a ground fault Is

present cunrent flows through an inadvertent path to an earth grounded object bypassing the neutral trans-
45 former 506 and creating a cunrent signal in the transfonmer 509. Thus, the transformer 509 produces a current

signal only when a ground fault is present
The cunrent signal from the output transformer 509 of the ground fault sensing toroid 508 is routed through

the rectifier bridge 522, the power supply 122 and returned through the burden resistor arrangement 530. The
burden resistor arrangement 530 and the rectifier bridge 522 convert that current signal into an A.C. rectified

50 signal 558 that is inverted with respect to tripping system ground, and that has a voltage that is proportional
to the current In the transfbmner 509.

The A.C. rectified signal 558 is filtered by filter 560 for noise suppression and then inverted using analog
inverter 562. From the analog invertor 562. a positive going signal is carried to an AJD Input at the microcom-
puter 120. The microcomputer 120 measures the peak levels at the output of the analog Invertor 562 to detect

S5 the presence of a ground fault A conventional voltage divider switch 564 Is controlled by the microcomputer
120 to selectively reduce that signal by two thirds, as may be required under severe ground fault conditions.

Preferred component values are, for example. 10 K ohms for resistors 565 and 567; 20 K ohms for resistor

569; 19.6 K ohms for resistor 673; 10 K ohms for resistor 575; 0.033 microfarads for capacitor 577; part No.

8
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LM124 for amplifier 579; and part No. BS170 for IGFET 581.

(3) Providing System Power

5 Power for the tripping system is provided directly from the current on lines 106. and cunrent on any one
ofthe lines 106 can be used. This feature allows the tripping system to power-up on any one ofthe three phases
and to be powered when a ground fault on one or more of the phase lines 106 is present.

The output currents which are induced by the transformers 510. 512 and 514 are routed through the rec-

tifier bridges 616, 518. 520 and 522 to provide the current for the power supply 122. On the right side of the
10 rectifier bridges 516-522. at lead 524. the output currents are summed and fed directly to a Darlington tran-

sistor 568. a 9.1 volts zener diode 570 and a bias resistor 572. Most of this current flows directly through the
transistor 568 to ground, to create a constant 9.1 volt level at the base of the transistor 568. Because It has a
nominal emitter to base voltage (Veb) of about 1 .0 volts, the emitter of the transistor 568 is at approximately
1 0 volts. The transistor 568 will strive to maintain 1 0 volts across it from emitter to collector, regardless of the

IS current through it. Preferred component values are, for example, part No. 2N6285 for Darlington transistor 568;
1 N4739 for zener diode 570; and 220 ohms for resistor 572.

At the emitter of the transistor 568. the power signal VT ("trip voltage") Is provided.

The +5v signal is a regulated •i-5v power supply output signal that Is provided using a voltage regulator 571
(part No. LP2950ACZ-5.0) and a capacitor 582 which prevents the output of the regulator 571 from oscillating.

20 The voltage regulator takes its input from VT via a diode 576. The diode 576 charges capacitor 584 to within

one diode drop (0.6v) ofVT and creates a second supply source of approximately +9v, which is referred to as
the +9V power supply. The energy stored in the capacitor 584 enables the electronic circuitry being powered
by the +9V power supply to remain powered for some time after a trip occurs. A capacitor 574, connected at
the emitter of the transistor 568. aids In filtering voltage ripple. The capacitor 574 Is also utilized as the energy

25 storage element for the solenoid 112 which Is activated when a power IGFET 583 Is turned on by "trip" signals

from the microcomputer (120 In FIG. 1) orfrom a watchdog circuit (712 In FIG. 8). The trip signals are combined
by respective diodes 591. 593. The solenoid 112 is also activated by an over-voltage condition sensed by a
16-volt zener diode 595, such as part No. 1N5246. Preferred component values are. for example, 220 micro-
farads for capacitor 574. 100 microfarads for capacitor 584, 10 microfarads for capacitor 682. 100 K ohms for

30 resistor 585. 1 0 K ohms for resistor 589. 0.1 microfarads for capacitor 587. and part No. 6660 for IGFET 583.
Diodes 576 and 578 are used to receive current from an optional external power supply (not shown).

(4) Establishing The Current Rating

35 On the left side of the rectifier bridges, negative phase signals (A', B' and C) from the bridges are provided
to the burden resistor arrangement 530. including a rating plug 531. to set the cunrent rating for the tripping

system. As previously discussed, when the primary cunrent Is 100% ofthe rated current or "sensor size", which
is designated using the user select circuit 132, the current transformer output current will be 282.8 milliamperes
(RMS). Thus, when the microcomputer 120 reads the burden voltages using the gain circuit 134 (FIG. 1). the

40 microcomputer 120 can calculate the actual current In the lines 106.

FIG. 4 illustrates parallel connections between respective resistors 527 and 529 which are used to estab-
lish the maximum allowable continuous current passing through the lines 106. The resistors 527 are part of
the rating plug 531 . and the resistors 529 are separate from the rating plug 531 . The resistors 529. for example,
are each 4.99 ohm. 1 %. 5 watt resistors. This value should be compared to a corresponding value of 12.4 ohms

45 for the burden resistor 525 for the ground fault signal. The resistors 527 of the rating plug are connected In

parallel with the resistors 529 and hence cause a decrease In the combined resistance. Therefore, the resistors

529 set the minimum current rating for the tripping system. In a preferred arrangement, for example, the mini-

mum current rating corresponds to 40% of the maximum current rating. The resistors 527 in the rating plug

scale the voltages (A', B'. C) read by the microcomputer. This enables the resolution of the A/D converter in

so the microcomputer to be the same in terms ofa fraction ofthe rated cunrentfor both the minimum and maximum
current rating. Consequently, there is not any sacrifice In converter resolution for the minimum current rating.

In FIGS. 6a and 6b, the rating plug 531 Is shown to Include the resistors 527 mounted on a printed circuit

board 587. A connector 588 Is used to interconnect the rating plug with the remaining portion of the tripping

system 100. When the rating plug Is absent from the tripping system, the system reverts to Its minimum rating.

55 The rating plug 531 further includes copper fusible printed circuit links A, B. C and D which are selectively

disconnected (opened) from a printed circuit connection 589 to inform the microcomputer 120 of the resistor

values, or the burden voltage/current ratio, in the burden resistor arrangement 530. The printed circuit connec-
tion 589 Is connected to the -i-SV signal via one of the contact points on the connector 588. This connection

9
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589 allows the tripping system to encode the printed circuit links A, B. C and D in binary logic such that one
of 16 values of each parallel resistor arrangement is defined therefrom. In a preferred arrangement, the binary

codes "1111" and "1110" are reserved for testing purposes, and the fourteen codes "0000" to "1101" correspond
to current rating multipliers of 0.400 to 1 .000 as follows:

5

10

20

Code Cuiriren^ Ra^lna Multinl ier-

0000 0.400
0001 0.500
0010 0,536
0011 0.583
0100 0.600
0101 0.625
0110 0.667
0111 0.700
1000 0.750
1001 0.800
1010 0.833
1011 0.875
1100 0.900
1101 1.000

The user select circuit 132 of FIG. 9 includes the interface circuit used by the microcomputer 120 to read
25 the binary coded resistor value from the rating plug 531. A tri-state buffiar 820 allows the microcomputer 120

to selectively read the logic level of each of the four leads representing the status of the four fusible printed

circuit links on the rating plug 531 . Alogic high at the input ofthe buffer 820, provided by the connection between
the fusible printed circuit link and +5V signal, indicates that the corresponding link is dosed. A logic low at the

input of the buffer 820. provided by pull-down resistors 826 at the input of the buffer 820, indicates that the
30 corresponding link is open. The fusible printed circuit links A, B, C and D may be opened using a current gen-

erator to send an excessive amount of current through the links, thereby causing the copper links to burn. This
is preferably performed before the rating plug 531 is installed in the tripping system. Thus, once installed, the
rating plug 531 automatically informs the microcomputer 120 of its resistorvalues, and there is no need to adjust

any settings or otherwise inform the microcomputer of the type of rating plug being used. The microcomputer
35 may adjust the values read from its A/D converter by a predetermined scale fector conresponding to the binary

coded resistor value to compute actual cunrent values which are independent of the resistor values in the rating

plug 531.

C. Bt-metal Deflection Simulation
40

The microcomputer 120 is programmed to simulate accurately the bi-metal deflection mechanism that Is

commonly used in processor-less tripping systems. This is accomplished by accumulating the squared values
ofthe measured cunrent samples that are sensed by the analog input circuit 1 08. The sum ofthe squared values
of that cunrent is proportional to the accumulated heat in the tripping system 100.

45 To simulate the bi-metal deflection during cooling, the microcomputer 120 is programmed to decrement
logarithmically the accumulated square ofthe current In other words, during a sampling Interval, the accumu-
lated value A of l(t)2 is decremented by an amount proportional to A to account for the fact that the rate of heat
loss is proportional to the temperature of the power system conductors above ambient temperature. In partic-

ular, the temperature in the tripping system 100 decreases in response to the current path in lines 106 being
50 broken or intermittent When this occurs, however, the microcomputer 120 loses operating powerand therefore

can no longer maintain this numerical simulation.

This problem Is overcome by utilizing the thermal memory 138 of FIG. 1 to maintain a history of the ac-

cumulated current for a predetermined period of time during which the operating power to the microcomputer
120 is lost As illustrated in FIG. 7, this is accomplished using an RC circuit 610 that is monitored and controlled

55 by the microcomputer 120 to maintain a voltage on the capacitor 611 that is proportional to the accumulated
square of the current When the microcomputer loses power, the voltage across the RC circuit610 logarithmi-

cally decays. (The decay is governed by the equation V Voexp(-t/RC).) Should the microcomputer power-up
again before the voltage reaches zero, the microcomputer 120 reads the voltage across the RC circuit 610 using

10
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a conventional analog buffer 612 and initializes its delay accumulator to the correct value. The analog buffer

612, for example, Includes an amplifier 627 such as part No. LM714 and a 4.7 K ohm resistor 629.

The preferred RC circuit 610. including a 100 microfarad capacitor 611 and a 3.24 megohm resistor 613,
provides a fbced time constant of 324 seconds, or approximately 5.4 minutes.

5 Control over the voltage on the RC circuit 61 0 is provided using IGFET transistors 618 and 620, such as
part Nos. VP0808 and BS170, respectively. During normal, quiescent conditions, the microcomputer 120 will

not be in an overload condition and will drive a logic low at the gate of the transistor 620, thereby disabling

transistors 620 and 622 and allowing the capacitor 611 to discharge to tripping system ground. Transistors 618
and 620 work in connection with resistors 621 , 623 and 625, which have values, for example, of 1 00 K ohnns,

10 47 K ohms, and 5.1 K ohws, respectively.

During overload conditions, the microcomputer 120 accumulates current infonnatlon in its Internal RAM
to simulate the heat level, and drives a logic high at the gate of the transistor 620 to allow the capacitor 611
to charge to a selected corresponding level. While the capacitor 611 Is charging, the microcomputer 120 mon-
itors the voltage level using the analog buffer 612. When the selected level is reached, the microcomputer

IS drives a logic low at the gate of the transistor 620 to prevent further charging. The voltage on the capacitor
611 is limited to five volts using a clamping diode 622. The forward voltage drop across the clamping diode
622 is balanced by the voltage drop through a series diode 625.

For example, assume that an overload condition suddenly occurs and the microcomputer 120 has been
programmed to allow for a two minute delay before generating a trip signal at this overload fault level. After

20 one minute in this overload condition, the microcomputer 120 will have accumulated current information which
indicates that it is 50% of the way to tripping. The microcomputer will also have enabled the RC circuit 61 0 to

charge to 2.5v; that is, 50% of the maximum 5v. Assuming, for the purpose of this example, that the overload
fault condition Is removed at this point and the electronic trip system loses operating power, when the power
to the microcomputer 120 drops to Ov, the internally stored cunrent accumulation is lost. However, the voltage

25 across the RC circuit 610 Is still present and will start to decay by approximately 63.2% every 5.4 minutes (the
time constant for the RC circuit 610). Therefore, after 5.4 minutes without current, the voltage across the RC
circuit 610 will be 36.8% of 2.5v, or 0.92v.

If the overload condition would occur again at this point, the microcomputer 120 would power up and meas-
ure 0.92V across the RC circuit 610. The microcomputer 120 would then initialize its internal current accumu-

30 lation to approximately 18% (0.g2v divided by the maximum of 5.0v) ofthe pre-programmed full trip delay time.
The accumulation calculations performed by the microcomputer are based on the formula:

N
35 A = Z I(t)^

t=0

where:

N = the number of samples;

40 t = time at discrete intervals (determined by the accumulation rate); and
(t) = the true RMS value of current through the breaker.

During a fault, the trip unit will begin to sum the current squared value as soon as the current exceeds a
predetermined level for a predetermined period of time, or the selected overload condition. The electronic trip

system will maintain an Internal accumulation register to store a value that is proportional to the square of the
45 current and that is incremented periodically based on the accumulation rate. Assuming a constant fauM level

of cunrent, a fbced accumulation rate, and a known condition of the accumulation register at t = 0, the value In

the accumulatton register will increase at a determinate rate and will contain a known value at any given time
t.

For example, assume that a continuous fault is measured at 70.71 amperes (RMS) with an accumulation
50 period of 64 milliseconds. Further assume that the accumulation register is at zero prior to the fault. The mi-

crocomputer 120 will accumulate the squared value of the current every 64 milliseconds Into the register, caus-
ing it to increase at a constant rate.

With a continuous, fbced level feult, as time Increases, the internal accumulation register Increases pro-

portionally. In order to protect the system from this feult. this increasing accumulated value is compared per-

55 iodically against a predetermined threshold value that has been chosen to represent the maximum allowed
heat content ofthe system. When the accumulated value equals or exceeds this predetemnlned threshold value,

the tripping system will trip the breaker.

A valuable aspect of accumulating the current squared value Is that as the current doubles, the cunrent

11
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squared value quadruples and the Internal accumulation register increases at a more rapid rate, resulting In

a more rapid trip. Thus, If the delay time (the period before the detected power fault causes a trip) Is x seconds
at some current level, as the current doubles, the delay time will be x/4 seconds.

The formula for calculating the delay time for any constant current Is:

S
T . ArXK

p
where:

Af^ = the accumulation rate In seconds:

K = predetermined final accumulation value; and
10 I = the true RMS value of current flowing through the breaker.

D. Reset Circuitry

Refening now to FIG. 8, an expanded view of the reset circuit 124 is shown to Include a power-up reset

15 circuit 710 and a watch-dog circuit 712 to maintain the integrity of the tripping system 100. The power-up reset

circuit 710 performs two functions, both of which occur during power-up: it provides a reset signal (asserted

low) on line 743 to maintain the microcomputer 120 in reset condition until the tripping system 100 develops
sufficient operating powerfrom the current lines 1 06; and it provides a reset signal (asserted low) via lead 744
to the watch-dog circuit 712 to prevent the watch-dog circuit from engaging the solenoid 112 during power-up.

20 This latter function prevents nuisance tripping.

Preferably the power-up reset circuit includes an under-vottage sensing integrated circuit 745 that detects

whether or not the output voltage of the +5 volt supply is less than a predetemiined reference voltage at which
the microcomputer (120 In FIG. 1) may properly function. The integrated circuit 745 is, for example, part No.
MC33064P-5. which holds the reset line 743 low until the output voltage of the +5 volt supply rises above 4.6

25 volts. The microcomputer 120 may operate at 4.5 volts or above. The preferred reset circuit also includes a
pull-up resistor 741, a capacitor 739, and a diode 753 connecting the integrated circuit 745 to the watchdog
circuit 712. The resistor 741 , for example, has a value of 47 K ohms and the capacitor 739 has a value of 0.01

microfarads. The diode 753 ensures that the reset circuit 710 affects the watchdog circuit 712 only when the
microcomputer 160 is being reset.

30 The watch-dog circuit 712 protects the tripping system from microcomputer malfunctions. Thus, it is de-
signed to engage the solenoid 112 if the microcomputer 120 foils to reset the watch-dog circuit 712 within a
predetermined time period. The microcomputer 120 resets the watch-dog circuit 712 by regularly generating

logic high pulses, preferably about every 200 milliseconds, on lead 714. These pulses are passed through a
capacitor 718 to activate an IGFET transistor 720, which in turn discharges an RC timing circuit 724 through

36 a circuit limiting resistor 733. A resistor 730 and a clamping diode 732 are used to reference the pulses from
the capacitor 718 to ground.

The pulses on lead 714 prevent the RC timing circuit 724 from charging up past a reference voltage, Viref,

at the input of a comparator 726. If the RC timing circuit 724 charges up past Vref, the comparator 726 sends
a trip signal to the solenoid 112 to interrupt the current path in tines 106. The reference voltage, for example.

^ Is provided by a 4.3 volt zener diode 427 supplied with current through a resistor 729. Preferred component
values are, for example, 0.001 microfaradsfor capacitor 718. 27 K ohms for resistor 730, part No. 1N4148for
diode 732, part No. BS1 70 for transistor 720. 1 0 ohms for resistor 733, 820 K megohms for resistor 737, 0.22

microfarads for capacitor 735, part No. LM29031 for comparator 726, part No. 1N4687 for diode 727. 100 K
ohms for resistor 729, and 10 K ohms for resistor 751

.

45

E. User Select Switches

As introduced above, the user select circuit 132 is illustrated In FIG. 9. In addition to the buffer 820 for the

rating plug, the user select circuit 132 includes a plurality of user interface circuits 810 each having a pair of

50 BCD dials 812 and a tri-state buffer 814 which is enabled through the address and data decoder 130 of FIG.

1. Each BCD dial 812 allows the user to select one of several tripping system characteristics. For example, a
pair ofBCD switches may be used to designate the longtime pickup and the longtime delay (overload tripping

characteristics) and another pair ofBCD switches may be used to designate the short time pickup and the short

time delay (short circuit tripping characteristics). Other BCD switches may be used to designate sensor and
55 breaker sizes, an instantaneous pickup, ground fault tripping characteristics, and phase unbalance thresholds.

12
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F. Energy Validation For Solenoid Activation

The user select circuit 1 32 of FIG. 1 and 9 also determines if there is sufficient energy to activate the sol-

enoid 112. Using the address and data decoding circuit 130, the buffer 820 is selected to read one of its input

5 lines 830. The VT signal from the power supply 122 of FIG. 1 feeds the input line 830, with the buffer 820 being
protected from excessh^e voltage by a resistor 832 and a damping diode 834. The resistor 832, for example,
has a value of 620 K ohms.

Before the microcomputer 120 engages the solenoid 112, the input line 830 is accessed to detemriine if

VT is read as a logic high or a logic low. The buffer 820 provides a logic high at Its output whenever the input

10 is greater than 2.5v to 3v. IfVT is read as a logic high, the microcomputer 120 determines that there is sufficient

power to acthfate the solenoid 112 and attempts to do so. IfVT Is read as a logic low, the microcomputer 120
determines that there is insufficient power to activate the solenoid 112 and waits, while repeatedly checking
VT, in anticipation that an Intermittent powerfeult caused VT to fiall. Once VT rises beyond the 2.5-3.0 volt level,

the microcomputer 120 attempts to activate the solenoid once again.
IS

G. Communication For Information Display

The microcomputer 120 sends identical tripping system status infomnation to the local display 150 and the

display terminal 162. The infonmatlon Is sent synchronously on a serial peripheral internee 191 to the local

20 display 150 and asynchronously on a serial communication interface 151 to the display terminal 162. The in-

terfaces 151 and 191 may be implemented using the SCI and SPI ports internal to the MC68HC11. The history

of the tripping system status information is stored in the nonvolatile trip memory 144. That history Includes

the specific cause and current level of the last trip and a running accumulation of the different trip causes.
The trip memory 144 is preferably an electrically erasable programmable ROM (EEPROM), for example,

25 a X24C04I, available from Xicor, inc. of Milpitas, California, in this case, the serial peripheral interface 191 is

used for bidirectional data transfer between the microcomputer 120 and the EEPROM 144. This data transfer

Is implemented using one line of the serial peripheral interface 191 to transfer the data and the other line to

transmit a clock signal between the microcomputer 120 and the EEPROM 114 for synchronization. During pow-
er up of the tripping system 100, the microcomputer 1 20 transmits to the trip memory 144 a unique bit pattern

30 which is interpreted as a data request code. The microcomputer 120 then sets the bidirectional data line as
an input and clocks the requested data in from the trip memory 144.

The microcomputer 120 maintains a copy of the history data in Its internal RAM and in the event of a trip,

updates it and transmits it back into trip memory 144 via the interface 191 , again utilizing the unique bit pattern

to set the trip memory 144 to a receive mode. Upon receipt of the data, trip memory 144 will reprogram its

35 contents, overwriting the old history infonmation with the newly received data.

During normal operation (i.e., after power up and without a trip), the microcomputer 120 transmits opera-
tional Information over the serial peripheral interface 1 91 . Because this information does not contain the unique
bit patterns required to activate the trip memory 144, the trip memory 144 ignores the normal transmissions.
However, other devices which may be connected to the serial peripheral interface 1 91 can receive and Interpret

40 the information correctly.

The microcomputer 120, for example, is programmed to execute a connmunication procedure that permits
the tripping system 100 to communicate with a relatively low power processor in the display processor 316.
The procedure utilizes a software interrupt mechanism to track the frequency with which information is sent
on the interfaces 1 51 and 1 91 . During normal operation, one 8-bit byte of information is sent every seven mil-

45 liseconds. During tripping conditions, information is sent continuously as fast as the microcomputer 120 can
transmit This procedure allows the display terminal 162 and the display processor 316 to display continuously
status messages from the tripping system 100 without dedicating their processors exclusively to this reception

function. Equally Important, this procedure permits the microcomputer 120 to perform a variety of tasks, in-

cluding continuous analysis of the 5 current on lines 106.

so Status messages are preferably transmitted using an 8-byte per packet, multi-packet transmission tech-

nique. The type of information Included in each packet may be categorized Into eight different groups, 10 or

eight different packets, packet 0 through packet 7. The first byte of each packet is used to identify the byte

and packet numbera and the trip status of the tripping system 100. For example, the first byte may contain

one bit to identify the byte type, four bits to 15 identify the packet number and three bits to identify the trip

55 status: no trip condition, current overload trip, short circuit trip, instantaneous trip, ground fault trip and phase
unbalance trip. Bytes two through six of each packet vary depending on the packet number. 20 Byte 7 is used
to identify the tripping system sending the Information (fora multiple system configuration), and byte 8 is used
as a checksum to verify the Integrity of the data.

13



EP 0440 764 B1

The microcomputer alternates the type of 25 information included in each packet, depending upon the pri-

ority type of the Information. During nonmal (non-tripping) conditions, the trip unit will transmit Packet Number
0, followed by Packet Number 1, followed by one of the remaining defined Packet Numbers, 2 30 through 7.

The sequence is graphically shown as:

5 1 ) Packet 0 - Packet 1 - Packet 2
2) Packet 0 - Packet 1 - Packet 3

3) Packet 0 - Packet 1 - Packet 4 Repeat until Trip

4) Packet 0 - Packet 1 - Packet 5 Occurs

5) Packet 0 - Packet 1 - Packet 6
10 6) Packet 0 - Packet 1 - Packet 7

During a trip condltton, the normal operation packet transmission sequence is interrupted and Packet nunrv

ber 2 is transmitted continuously until power is lost The transmisston rate will be increased to the fastest rate

possible.

The five bytes of each packet that vary according to packet number are configured for a total of eight dif-

15 ferent packets. 0-7. The Information in these bytes is Implemented for each packet number as follows:

Packet 0 - (0 0 0 0)

Data Byte 1 - Phase A Current - High Byte

Data Byte 2 - Phase A Current - Low Byte

Data Byte 3 - Phase B Current - IHIgh Byte

20 Data Byte 4 - Phase B Current - Low Byte

Data Byte 5 - Overload Pickups & Short Circuit Restraint In

Packet 1 -(0001)
Data Byte 1 - Phase C Current - High Byte

Data Byte 2 - Phase C Current - Low Byte
25 Data Byte 3 - Ground Fault Current - High Byte

Data Byte 4 - Ground Fault Current - Low Byte

Data Byte 5 - Short Circuit. Phase Unbalance & Ground Fault

Pickups

Packet 2 - (0 0 1 0)

30 Data Byte 1 - Maximum Phase Current - High Byte

Data Byte 2 - Maximum Phase Current - Low Byte

Data Byte 3 - Maximum Phase IdentifIcatton (A. B. C or N),

Breaker Identification & Ground Fault

Restraint In

35 Data Byte 4 - Trip Unit/Sensor Identification

Data Byte 5 - Rating Plug/Options

Packet 3 - (0 0 1 1)

Data Byte 1 - Long Time Switches

Data Byte 2 - Short Time Switches
40 Data Byte 3 - Instantaneous Phase Unbalance Switches

Data Byte 4 - Ground Fault Switches

Data Byte 5 - Phase Unbalance Trips

Packet 4 - (0 10 0)

Data Byte 1 - Long Time Trips

45 Data Byte 2 - Short Circuit Trips

Data Byte 3 - Ground Fault Trips

Data Byte 4 - Last Maximum Phase Current - High Byte

Data Byte 5 - Last Maximum Phase Current - Low Byte

Packet 5 - (0 10 1)

SO Data Byte 1 - Software Failure Trips

Data Byte 2 - Last Phase A Current - High Byte

Data Byte 3 - Last Phase A Current - Low Byte

Data Byte 4 - Last Phase B Cunrent - High Byte

Data Byte 5 - Last Phase B Current - Low Byte
55 Packet 6 - (0 1 1 0)

Data Byte 1 - Last Fault System Status Byte

Data Byte 2 - Last Phase C Current - High Byte

Data Byte 3 - Last Phase C Current - Low Byte

14
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Data Byte 4 - Last Ground Fault Current - High Byte

Data Byte 5 - Last Ground Fault Cunnent - Low Byte

Packet 7 - (0 111)
Data Byte 1 - Long Time Memory Ratio

5 Data Byte 2 - Phase A% Unbalance
Data Byte 3 - Phase B % Unbalance

Data Byte 4 - Phase C % Unbalance

Data Byte 5 - Software Version Identifier Byte

Accordingly, the microcomputer 120 transmits information in four substantive classes. The first dass con-

10 stitutes trip status Information, as set forth in the first byte ofeach packet. The second and third classes invoh^e

current measurement information; the second dass Induding current measurement infbnmation on each line

106, as set forth In packets 0 and 1 , and the third dass induding the maximum current status infonmation, as
set forth in packet 2. The last dass of information relates to the present configuration of the tripping system
and is contained in packets 3 through 7.

IS

H. Appendices

The attached appendices respectively illustrate the preferred manner In which the microcomputer 120 of

FIG. 1 and the display processor 316 of FIG. 3a may be programmed to implement the system as set forth

20 above in the preferred embodiment
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TABLE 1

10

IS

20

2S

30

35

40

4S
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TIME
(m s)

Ifl) SQUARED SUMMATION 1(1)
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2 0.5 1 B.74 35 1 .1 2 351.12 4« 230^ 2304
3 1 .0 36.61 1355.1

6

1706.27 94 111 40
4 t .5 53.58 2871.

K

4577.38 137r 1876^ «J ifU 5f

5 2.0 68.45 4686 OS 9263.42 175 3062S
6 2.5 80.90 6545 Ofi 15808.51 206i 42431 1 02970
7 3.0 90.48 81 87.12 23995.62 231 5336

1

1 <>A^'4 11 a00 0 I

8 3.5 1 96.86 9381 53 33377.16 247 61 001 2 1 7340
9 4.0 99.80 9960.57 43337.73 254 6451 € 981 ASA
1 0 4.5 99.21 9842.92 53180.65 253 64009 345865
1 1 5.0 95.1 1 9045.09 62225. 73[| 243 59049 4049 1

4

12 5.5 87.63 7679.14 69904. 87y 223 49729 454643
1 3 6.0 77.05 5936.91 75841.7eH 196 38416 493059
14 6.5 63.74 4063.10 79904.88H 1 63 26569 519628
1 5 7.0 48.1 8 2320.87 82225.75U 123 15129 534757
1 6 7.6 30.90 954.92 83180.671 79 6241 540998
1 7 8.0 1 2.53 157.09 03337. 75J 32 1 024 542022
1 8 8.5 6.28 39.43 83377. 18U 16 256 542278
1 9 9.0 24.87 618.46 83995.64| 63 3969 546247
20 9.5 42.58 1812.87 85608.52| 109 1 1 881 5581 28
2 1 10.0 58.76 3454.91 89263. 43K 150 22500 580628
22 10.5 72.90 5313.94 94577.37 186 34596 61 5224
23 1 1 .0 84.43 7126.89 101706.26 215 46225 661 449
24 11.5 92.98 8644.84 1 10351.10 237 56169 71 761

8

25 12.0 96.23 9846.88 119999.97 250 62500 7801 1

8

26 1 2.5 1 00.00 1 fiOOO 00 129999.97 255 84 ^1 4^
27 1 3.0 98.23 QR^fl AQ 139648.86 250
2 8 AO Qfl nttAA nc 148293.71 237 56 169 0 e *i 0 4 09o9ol

2

29 1 4 n / 1 ^0.9 1 155422.62 215 46225 1 01 0037
3 0 1 4,5 / £ • 9V do 1 o.9o 160736.58 186 CO e34390 1 04 4ooo
3 1 1 n1 9.U D O • / O 164191.51 150 ZZ500 1 0571 3«:

32 a.

9

1 tSl Z.B9 166004.40 109 1 1 88

1

4 A T A A 4 A
1 0/901

4

oo 16.0 Z4.0 7 61 8-47 166622.8711 63 3969 1 082983
34 f 6.5 6.28 39.43 166662.30 16 256 1083239
35 17.0 12.53 157.08 166819.38 32 1024 1084263
36 17.5 30.90 954.91 167774.29 79 6241 1090504
37 18.0 48.18 2320.85 170095.14 123 15129 1 105633
38 18.5 63.74 4063.08 174156.22 163 26569 1 132202
39 19.0 77.05 5936.69 180095.11 196 38416 1 170618
40 19.5 B7.63 7679.12 . 187774.23 223 49729 1220347
41 20.0 85.11 9045.08 196819.31 243 59049 1279396
42 20.5 99.21 9642.91 20S662.22 253 64009 1343405
43 21.0 99.80 9960.56 216622.79 254 64516 1407921
44 21.5 96.86 9381.54 226004.34 247 61009 1468930
45 22.0 90.46 8187.13 234191.47 231 53361 1S22291
46 22.5 80.90 6545.10 240736.57 206 42436 1564727
47 23.0 68.45 4686.07 245422.641 175 30625 1595352
48 23,5 53.56 2871.12 248293.76 137 18769 1614121
49 24.0 36.81 1355.17 249646.93 94 8836 1622957
SO 24.5 18.74 351.12 250000.05 48 2304 1625261

MEANOF7HE SUMMATtGN 6000.00 1 03
CALC. RMS VAUJE (Ainps) 70.7 1 06854
ACTUAL RMS VALUE 70.7106781

MEANOF-meSUMMATION 32505
CALC. RMS VALUE (Binaiy: 180
ACTUALRMSVALUE 180.312229

65

Claims

1. A tripping system for intarrupting a three phase current path (106) having a ground path coincident there-

with, comprising:

interruption means (112) for interrupting the three phase current path (106);
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a set of current sensors (108, 110), each situated adjacent the current path (106) for sensing a re-

spective phase of current therein and each providing a respective current signal therefrom;

summation means (508). coupled to the set of current sensors (1 08). for adding the current signals

from the set of current sensors (108) and for producing an output current signal therefrom in the presence

5 of a ground fault;

a set of gain circuits (134), each responsive to a respective one of the current signals and each
having:

a first gain section (532. 534) for amplifying the respecth/e current signal by a first predetenmined

gain factor, and

10 a second gain section (532. 536) for amplifying the respective current signal by a second prede-

termined gain ^ctor; and
a processor (120). responsive to the output current signal and the set of gain circuits (1 34), for ana-

lyzing the three phase current path (1 06) by selectively receiving the respective current signal from either

the first gain section (532, 534) or the second gain section (532, 536) at each gain circuit according to a
IS predetermined resolution criteria, and for engaging the interruption means (112) to interrupt the current

path; and

data memorymeans (144) coupled to said processorfor storing data representative of tripping char-

acteristics, wherein the processor (120) compares the respecth^e current signal to the data and engages
the interruption means (112) if the respective current signal exceeds a threshold data level.

20

2. A tripping system, as claimed in daim 1. further including first, second and third phase bridge rectifiers

(516, 518, 520). each responsive to the current signal from a respective one of the current sensors (108),

for rectifying the current signals before they are amplified by the set of gain circuits (134).

25

Patentanspruche

1 . Ausl5sesystem zum Unterbrechen eines drelphaslgen Stromweges (1 06), der einen damit zusammenfel-
lenden Erdungsweg aufwelst, mit:

30 Unterbrechungsmitteln (112) zum Unterbrechen des dreiphasigen Stromweges (106);

einem Satz von Stromfuhlern (108,110), von denen jeder bei einem Strompfad (106) angeordnet
ist. um einen zugehdrigen Phasenstrom in dem Pfad zu messen und hieraus ein entsprechendes Strom-
signal zu erzeugen;

an den Satz von stromfuhlern angeschlossene Summiermlttel (508). um die Stromslgnale der

35 Stromsensoren (108) zu addieren und um daraus beim Vorllegen eines Erdungsfehlers ein Ausgangs-
stromsignal zu erzeugen;

einem Satz von Verstfirkungsschaltungen (134), von denen Jeder auf ein zugehfiriges Stromsignal

anspricht und

eine erete VerstSrkungsstufe (532,536). um das zugeh6rlge Stromsignal um einen eraten vorbe-

40 stlmmten VerstSrkungsfaktor zu verstarken, und

eine zweite VerstSrkungsstufe (532.536), um das zugehdrige Stromsignal um einen zwelten vor-

bestlmmten Verstarkungsfaktor zu verstarken; und mit

einem Prozessor (120). der in Abhangigkeit von dem Ausgangsstromsignal und dem Satz von Ver-

stSrkungsschaltungen arbeltet, um den dreiphasigen Stromweg (106) zu analysieren. indem selektlv die

45 entsprechenden Stron^ignale von Jewells der ersten VerstSrkerstufe (532.534) oder der zwelten Verstfir-

kerstufe (532,534) in Jeder Verstdrkerschaltung an Hand vorbestimmter Aufldsungskriterien abgefangen
werden, und um die Unterbrechungsmittei (112) zum Unterbrechen des Stromwegs anzusteuem; und mit

an den Prozessor angeschlossenen Datenspeichermlttein (144), um Ausl5secharakteristiken re-

prasentierende Daten zu spelchern, wobei der Prozessor (120) das Signal mit den Daten verglelcht und

50 die zugehdrigen Stomunterbrechungsmittel (112) ansteuert, wenn das zum Strom gehdrige Signal einen

Grenzdatenwert Obersteigt.

2. Ausldsesystem nach Anspruch 1, das ferner einen ersten. einen zwelten und einen dritten Phasen-

brOckengleichrichter aufweist, von denen Jeder in Abhingigkeit von dem Stromsignal eines Jewells zuge-

55 hSrigen Stromsensors (108) art>eltet, um die Stromslgnale glelchzurichten, ehe sie durch den Satz von

VeretSrkungsschaltungen (134) verstSrkt werden.
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Revendleations

1 . Un syst^me de d§clenchement pour interrompre un passage de courant triphasd (1 06) ayant un passage
de terre associ6, comprenant

:

5 un moyen d'intemjption (112) pour interrompre le passage de courant triphas^ (106)

;

un ensemble de d6tecteurs de courant (108, 110), chacun placd adjacent au passage de courant

(106) pour y ddtecter une phase de courant respective, et chacun produisant alors un signal de courant
respectif

;

un moyen de sommation (508), coupl6 d Tensemble de ddtecteurs de courant (1 08), pour addition-

10 ner les signaux de courant de rensemble de d^tecteurs de courant (1 08), et pour produire d partir de cela

un signal de courant de sortie en cas de d^faut de tenre ;

un ensemble de circuits d'amplification (134). chacun sensible respectivement d un des signaux
de courant, et chacun comportant

:

une premiere section d'amplification (532, 534) pour amplifier le signal de courant respectif seton
IS une premiere valeur de gain pr^d^tenminde, et

une seconde section d'amplification (532, 536) pour amplifier le signal de courant respectif selon
une seconde valeur de gain pr6d6termin6e ; et

un processeur (120). sensible au signal de courant de sortie et k I'ensemble de circuits d'amplifi-

cation (134), pour analyser le passage de courant triphas6 (106) en recevant s6lectlvement le signal de
20 courant respectif de la premiere section d'amplification (532, 534) ou bien de la seconde section d'am-

plification (532, 536) de chaque circuit d'amplification en fonction d'un entire de resolution predetermine,
et pour mettre en service le moyen d'interruption (112) pour interrompre le passage de courant ; et

un moyen de memorisation de donnees (144) relie audit processeur pour memoriser des donndes
repr^entatives de caracteristiques de declenchement, le processeur (120) comparant le signal de cou-

25 rant respectif avec les donnees et mettant en service le moyen d'interruption (112) si le signal de courant
respectif d6passe un niveau de seull donn6.

2. Un systeme de declenchement selon la revendication 1 , comprenant en outns des premier, second et troi-

sieme ponts redresseurs de phase (516. 518. 520), chacun sensible au signal de courant d'un detecteur

30 de courant respectif (1 08). pour redresser les signaux de courant avant qu'lls sclent amplifies par I'en-

semble de circuits d'amplification (134).

35
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